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Background: The prevalence of asthma, allergic rhinitis and atopic eczema in chil-
dren from the developed and developing countries has been increasing.
Methods: Three epidemiological surveys of the prevalence of bronchial asthma, aller-
gic rhinitis and atopic eczema in schoolchildren in Taichung, located in central Taiwan, 
were conducted in 1987, 1994, and 2002. The first questionnaire was used before the 
International Study of Asthma and Allergies in Childhood (ISAAC) written questionnaire 
was developed; the last two surveys were modified using ISAAC questionnaires.
Results: A total of 37,801, 75,960, and 11,580 children were studied in 1987, 1994 and 
2002, respectively. The prevalence of allergic diseases had increased in the past two 
decades. Results indicate that the prevalence of bronchial asthma had risen, from 
2.19% in 1987, and 3.54% in 1994, to 6.99% in 2002. Regardless of sex, the prevalence 
of bronchial asthma decreased with increasing age. The prevalence of allergic rhinitis 
was 5.1% in 1987, 12.46% in 1987, and 27.59% in 2002, and the prevalence of atopic 
eczema was 1.10% in 1987, 1.88% in 1994, and 3.35% in 2002.
Conclusion: There has been a significant increase in the prevalence of bronchial 
asthma, allergic rhinitis and atopic dermatitis in Taichung schoolchildren from 1987 
to 2002.
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The prevalence of asthma, allergic rhinitis and atopic 
eczema in children from the developed and devel-
oping countries has been increasing.1,2 This is much 
more common in the developed countries than the 
developing ones,3 though of multiple factors being 
suggested to be the causes of increased prevalence 
of allergic diseases today, suggesting the possibility 
of an increase in sensitivity to environmental aller-
gens. In recent years, the prevalence of asthma in 
children in Taiwan has increased markedly, too.4
In Taiwan, there are three major areas—northern 
Taiwan (e.g., Taipei and Taoyuan County), central 
Taiwan (e.g., Taichung), and southern Taiwan (e.g., 
Tainan City & Kaohsiung). Few studies exist on the 
prevalence of asthma, allergic rhinitis, and atopic 
eczema in Taichung, and limited studies are avail-
able regarding the prevalence of allergic diseases 
in northern Taiwan (the area includes Taipei and 
Taoyuan County) and southern Taiwan (Tainan City & 
Kaohsiung represents the area).4−9 To address these 
issues, we conducted surveys in 1994 and 2002, using 
questionnaires modified from the International 
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Study of Asthma and Allergy in Childhood (ISAAC) 
questionnaire, to reevaluate the prevalence of child-
hood asthma, allergic rhinitis, and atopic eczema 
in Taichung. The resulting data was measured against 
the data from 1987 and 1994. We also compared 
the prevalence of the three allergic diseases in 
Taichung with the prevalence in two other areas in 
Taiwan.
2. Subjects and Methods
The study method was comprised of a questionnaire, 
which included brief descriptions of symptoms, signs 
of asthma, allergic rhinitis, and atopic eczema, and 
a video. Bronchial asthma was defined as a disease 
characterized by at least three attacks of recurrent, 
paroxysmal wheezing, and dyspnea caused by upper 
respiratory tract infection (URI); a drastic change in 
weather; exposure to dust, pollens or pollutants; and 
also emotional upsets within the past year. Allergic 
rhinitis was defined as nasal mucosa hypersensitiv-
ity, which can be caused by low temperatures, hot 
air, air pollution, and allergens. It is characterized by 
nasal itching, obstruction, sneezing, and rhinorrhea; 
itchy, red eyes; and an itchy throat. Atopic eczema, 
which may be exacerbated by diet, environment, 
and weather, is an allergic and pruritic dermal in-
flammatory response, which characteristically in-
duces a symmetrically distributed skin eruption with 
prediction sites. It begins in infancy with itchy, dry, 
scaling skin over the forehead, cheeks, and extensor 
surface of the extremities. Later, the lesions display 
a flexural pattern of distribution, such as in the 
antecubital and popliteal areas, and the neck.
Questionnaires were originally planned to be sent 
to schoolchildren in four primary schools and six 
junior high schools randomly selected from every 
district in Taichung. However, finally, there were 
only 10 schools (i.e., five primary schools and five 
junior high schools) randomly selected from five 
major school districts in Taichung in 2002 from 
October to December. Also, there were 40 schools 
evenly distributed from every school district in 
Taichung in 1994 from October to December (i.e., 
primary schools and junior high schools were ran-
domly chosen), and 24 schools evenly distributed 
from every school district in Taichung in 1987 from 
October to December (i.e., primary schools and 
junior high schools were also randomly chosen). 
However, the different sample sizes did not affect 
the statistical power of the comparisons. The stud-
ies and questionnaires used in the schools were al-
most the same in 1987, 1994, and 2002, although 
the 1994 and 2002 questionnaires were modified in 
line with ISAAC questionnaires. The Chinese ver-
sion of the questionnaire was back-translated as a 
validity check according to defined guidelines of 
allergic diseases. As all schoolchildren and parents 
speak Mandarin Chinese fluently in Taiwan, they 
were given a Chinese version of the questionnaire 
for completion. We added no other questions differ-
ent from ISAAC, but detailed a description was dis-
played. The questionnaires were filled out by the 
students and their parents in the elementary schools, 
and by the students themselves in junior high school 
with the aid of videos, after their written informed 
consent was obtained for performing questionnaires. 
The parents were not directly asked whether their 
children had asthma, allergic rhinitis or atopic ec-
zema. Instead, they were first presented with a brief 
description of typical signs and symptoms of those 
allergic diseases and then asked to fill out the ques-
tionnaires. All questionnaires were screened by 
pediatricians trained in the Allergy Department.
Of the children revealed by questionnaire to be 
atopic patients, 20% were randomly invited to visit 
our pediatric allergic clinic, where a physical exami-
nation was undertaken, in addition to recording past 
history and family history, in order to confirm the 
correct questionnaires. In addition, total eosinophils 
of peripheral blood and specific IgE of serum allergen 
specific test (CAP system, Pharmacia) were checked. 
Pre- and post-β2 agonist inhalation of FEV1 were also 
carried out, an increase of more than 12−15% was the 
criterion for a diagnosis of bronchial asthma. This study 
was approved by the hospital’s Institutional Review 
Board. The results of physical examination, past his-
tory, family history, total eosinophils of peripheral 
blood, specific IgE of serum, pre- and post-β2 agonist 
inhalation of FEV1 having been also carried out and 
showing an increase of more than 12−15%, were 
almost completely matched with the questionnaire 
selection.
For all populations and sex, the positive responses 
for each asthma, rhinitis and eczema symptom with 
percentage change over the years of 1987, 1994 and 
2002 were analyzed using the chi-squared test. Also, 
we considered the differences as statistically sig-
nificant when p was less than 0.05. The results of 
the data were analyzed by χ2 or Fisher’s exact test. 
All analyses were performed with the statistical 
software SPSS 13.0.
3. Results
There were 48,463, 91,518, and 14,296 children aged 
7−15 years old enrolled in the study in 1987, 1994, 
and 2002, respectively. The numbers of participants 
who completed the studies were as follows: 37,801 
(18,056 male and 19,745 female) in 1987; 75,960 
(37,349 male and 38,611 female) in 1994; and 11,580 
(5857 male and 5723 female) in 2002 (Table 1). 
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The respective rates of survey completion were 
78%, 83%, and 81%.
Table 2 presents the current (i.e. happened in the 
last 12 months) and prevalent rates of symptoms 
of asthma, allergic rhinitis and atopic dermatitis for 
three studies and their comparison. The prevalence 
of bronchial asthma in 1987 was only 2.19% (2.81% of 
males and 1.62% of females). In 1994, the prevalence 
had increased slightly to 3.54% (4.55% of males and 
2.57% of females). By 2002, the prevalence had in-
creased significantly to 6.99% (8.23% of males and 
5.71% of females). When current asthma was com-
pared, there were also statistically significant in-
creases among the three studies. The prevalence of 
bronchial asthma in 2002 represented a 1.97-fold 
increase from 1994 (male: 1.81-fold; female: 2.22-
fold) and a 3.19-fold increase from 1987 (male: 
2.92-fold; female: 3.52-fold). From the levels in 
Table 2  Positive response (%) for each asthma, rhinitis, and eczema symptoms with percentage change in the 
over all population and sex for the 1987, 1994 and 2002
 6- to 15-year age group
 1987 1994 2002 p value*
Asthma
 Current asthma 1.58 2.62 5.24 < 0.001
  Male 2.02 3.37 6.17 < 0.001
  Female 1.17 1.90 4.28 < 0.001
 Prevalence of asthma† 2.19 3.54 6.99 < 0.001
  Male 2.81 4.55 8.23 < 0.001
  Female 1.62 2.57 5.71 < 0.001
  Male:Female 1.73 1.77 1.44
Rhinitis
 Current rhinitis 4.13 10.34 23.73 < 0.001
  Male 5.20 12.87 26.65 < 0.001
  Female 3.16 7.89 20.73 < 0.001
 Prevalence of rhinitis† 5.10 12.46 27.59 < 0.001
  Male 6.42 15.50 30.99 < 0.001
  Female 3.90 9.51 24.11 < 0.001
  Male:Female 1.64 1.63 1.29
Eczema
 Current eczema 0.88 1.52 2.78 < 0.001
  Male   2.92
  Female   2.64
 Prevalence of eczema† 1.11 1.88 3.35 < 0.001
  Male   3.52
  Female   3.18
  Male:Female   1.11
*p value < 0.05, significant difference for the chi-squared test; †prevalence—defined as asthma, rhinitis, and eczema respectively.
Table 1 Demographics of the survey respondent
 6- to 15-year age group: n (%)
 1987 1994 2002
Total subjects survey 37,801 75,960 11,580
Total schools sampled 24 40 10
Sex
 Male 18,056 (47.77) 37,349 (49.16) 5857 (50.58)
 Female 19,745 (52.23) 38,611 (50.83) 5723 (49.42)
 Male:Female 0.91 0.97 1.02
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1994, there was an apparent 1.6-fold increase during 
the previous 8 years.
The prevalence of allergic rhinitis was 5.10% 
(6.42% for boys and 3.9% for girls) in 1987; 12.46% 
(15.5% for boys and 9.51% for girls) in 1994; and 
spiked to 27.59% in 2002 (30.99% for boys and 24.11% 
for girls). In 1994, there was a 2.4-fold increase in 
the prevalence of allergic rhinitis over the previous 
8 years. The prevalence in 2002 was 2.21-fold greater 
than in 1994 (2.00-fold for boys and 2.53-fold for 
girls), and was 5.40-fold greater than in 1987 (4.83-
fold for boys and 6.18-fold for girls). There were 
similar results when the current rhinitis was com-
pared among the three groups.
There was also an increase in the current and 
prevalence rates of atopic eczema over a period of 
15 years. The prevalences of the different periods 
were 1.11%, 1.88%, and 3.35%, respectively. There 
was little increase from 1987 to 1994, but there was 
a 3.05-fold increase from 1987 to 2002.
Tables 3 and 4 compare our study (6−12 and 13−15 
years old, respectively) with the survey of asthma, 
allergic rhinitis and allergic eczema in northern 
Taiwan (the area includes Taipei and Taoyuan County) 
Table 3 Prevalence of asthma and other allergic disorders in our study (6−12 years) compares with other studies (%)





 (central Taiwan)  countyAllergic disorders
 2002 (6−12 yr) 1997† (6−7 yr)  2002‡ (6−8 yr) 1997§ (6−12 yr)
 (n = 6288) (n = 4806) (n = 3079) (n = 7224)
Asthma
 Current asthma 5.67 9.6** 7.5*
 Prevalence of asthma 6.90 12.7** 16.8** 8.45*
Allergic rhinitis
 Current allergic rhinitis 20.79  36.3**
 Prevalence of allergic rhinitis 26.11  41.3** 29.83**
Allergic eczema
 Current eczema 2.87  7.8**
 Prevalence of eczema 3.05  9.7**
*p < 0.01, **p < 0.001, the chi-squared test significant differences between our study and other studies in the same allergic 
disease, respectively; †Reference 10; ‡Reference 7; §Reference 5.
Table 4 Prevalence of asthma and other allergic disorders in our study (13−15 years) compared with other studies (%)
 Our study: Taichung Northern Taiwan
 (central Taiwan) Taipei Taoyuan countyAllergic disorders
 2002 (13−15 yr) 1994−1995† (13−14 yr) 2002‡ (13−15 yr)
 (n = 5292) (n = 11,400) (n = 3111)
Asthma
 Current asthma 4.67 5.2 4.2
 Prevalence of asthma 7.09 9.0** 10.8**
Allergic rhinitis
 Current allergic rhinitis 27.23 28.8* 37.8**
 Prevalence of allergic rhinitis 29.35 35.1** 47.9**
Allergic eczema
 Current eczema 2.51 1.4** 4.3**
 Prevalence of eczema 3.33 11.8** 5.7**
*p < 0.05, **p < 0.001, the chi-squared test significant difference between our study and other studies in the same allergic 
disease, respectively; †Reference 8; ‡Reference 7.
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children (6−8 years old and 13−15 years old) and 
southern Taiwan (Tainan City represents the area) 
children (6−12 years old) conducted in 1994−1995, 
1997 and 2002.5,7,8,10 We found that the current and 
prevalence rates of asthma, allergic rhinitis and at-
opic eczema were lower in our study than those of 
the study in Taoyuan County in 2002, except the cur-
rent asthma group of children aged between 13 and 
15 years old.
4. Discussion
Taiwan is a subtropical country with high relative 
humidity (> 80%) levels throughout the year, but there 
are no differences in relative humidity and temper-
ature among Taichung, northern Taiwan and southern 
Taiwan. Taichung, a city in central Taiwan, has rela-
tive humidity levels ranging from 76% (November and 
December) to 82% (June), with average temperatures 
ranging from 15.7ºC in January to 28.4ºC in July.
In the pridian study, similar questionnaires previ-
ously employed to survey the prevalence of allergic 
diseases were also used as early as 1974 to survey 
the prevalence of allergic diseases.4 We used the 
questionnaires to compare the prevalence of the al-
lergic diseases in Taichung for three different dates, 
and compared the current and prevalence rates in 
Taichung, northern Taiwan (the area included Taipei 
and Taoyuan County) and southern Taiwan (Tainan 
City represented the area). The total response rates 
in our study were 78%, 83%, and 81%, respectively, in 
1987, 1994 and 2002. But reviewing other studies in 
Taiwan, the questionnaire response rates were al-
most above 90%,5,7,9 and for one report from Malta, 
the questionnaire response rate was almost 90%.11 
The validity of the questionnaire is likely to have 
varied across cultures and languages, thus the dif-
ference of the response rates appeared. For example, 
the equivalent of “wheezing” understood by English 
speakers may not be understood by Taiwanese. 
Also, it may be owing to infrequent health educa-
tion for allergic diseases that lower questionnaire 
response rates were found in our study. But the ran-
domness of our sample adds strength to the result 
obtained, thus the questionnaires are a reliable way 
to differentiate asthmatics from nonasthmatics.4
The trend for the prevalence of bronchial asthma, 
allergic rhinitis and atopic eczema, both in different 
countries worldwide as well as within distinct coun-
tries, is increasing on the whole, despite appearing 
to vary widely.12 The rise in the prevalence of allergic 
diseases can be accounted by changes in the environ-
ment, particularly with the advent of new aller-
gens.13 It is a valid argument that the interpretation 
of an increase in the prevalence of allergic diseases 
could be due to the use of a variety of different 
questionnaires and methods used with different cri-
teria. However, in the current study, the same ques-
tionnaires, methods and diagnostic criteria were 
used at three disparate time points. Con tri buting 
factors to the increase in the prevalence of allergic 
diseases include changes in housing structure, inte-
rior modification after urbanization, and a probable 
decrease in breast-feeding practices. There is also 
a relationship between dampness in the home and 
childhood asthma. Fungi, dust mites, and cock-
roaches, which are prevalent in subtropical areas, 
are found in damp homes; these produce substances 
that can trigger allergic reactions.14
The differences in asthma prevalence among 
different population groups and different time pe-
riods are due to differential exposure to environ-
mental factors; genetic variation alone could not 
account for the sharp rise in the prevalence of 
asthma.15 Ninan et al reported that the prevalence 
of wheezing in Aberdeen (United Kingdom) rose from 
4.1% in 1964 to 10.2% in 1989.16 In Australia, the 
prevalence of the history of asthma among 7-year-
old rose from 19.1% in 1964 to 46% in 1990.17 In 
Taiwan, Lee et al reported that physician-diagnosed 
asthma increased from 4.54% in 1995−1996 to 
6.05% in 2001.18 Questionnaire-determined asthma 
also increased from 9.5% in 1995−1996 to 11.8% in 
2001.9 In the current study, the prevalence of asthma 
in schoolchildren in Taichung rose from 2.19% in 
1987 to 3.54% in 1994 and to 6.99% in 2002. In 
2002, there was a 3.19-fold increase over the pre-
vious 15 years and a 1.97-fold increase from the pre-
vious 7 years. The prevalence of asthma in Taipei 
schoolchildren increased from 1.3% in 1974 to 5.1% 
in 1985 and to 10.8% in 1994 (unpublished data; KH 
Hsieh; National Taiwan University Hospi tal: 1994), 
indicating a higher prevalence of asthma among 
schoolchildren in Taipei than in Taichung. Tables 3 
and 4 confirm that the current and prevalence rates 
of asthma, allergic rhinitis and atopic dermatitis 
were almost lower in the central area than the prev-
alence in northern and southern areas in Taiwan. 
According to the ISAAC Steering Committee reported 
in 1998, the prevalence rates of asthma in Taipei 
were 9.0% and 12.7%, respectively for the 13−14 
years old group and 6−7 years old group; the prev-
alence rates of asthma in Asia-Pacific area were 
9.4% and 10.7%, respectively for the 13−14 years old 
group and 6−7 years old group; the prevalence rates 
of asthma in Southeast Asia (India was represented 
in this area) were 4.5% and 3.7%, respectively for the 
13−14 years old group and 6−7 years old group.10 
From the comparison, the increasing trend of asthma 
is in accordance with the rapid pace of urbanization 
of lifestyle.
Urban children have a heightened risk of asthma, 
regardless of race or family income.19 Our study 
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and other screening in Taiwan also showed the 
same results.20,21 A series of studies in Seattle, 
Washington (USA) showed that airborne particulate 
matter was associated with exacerbation of asth-
matic symptoms: the degree of wood smoke cor-
related with decreased lung function in children.22 
Researchers in Finland showed causal relationships 
among sulfur dioxide (SO2), PEF, and respiratory 
symptoms in children with cough; in addition, par-
ticulate matter (PM10), black smoke and nitrogen 
dioxide (NO2) were associated with a decline in peak 
flow in asthmatic children.23 And both Ho et al (2007) 
and Guo et al (1999) have reported that air pollu-
tion factors also interacted with weather parameters 
when related to asthma attack rate.24,25 Elevated 
concentrations of ozone, which has also been im-
plicated in airway remodeling and chronic inflam-
mation changes26 have been associated with the 
number of daily emergency cases of asthma in an 
inner city hospital in Atlanta.27 Hwang et al also 
observed that long-term exposure to traffic-related 
outdoor air pollutants such as NO2, CO, and O3 in-
creased the risk of asthma in Taiwanese schoolchil-
dren.28 Further more, asthma appears to be a 
disease of modern civilization such that in utero 
and early-life environmental exposure leads to in-
creased IgE-dependent hypersensitivity followed 
by bronchial hyperreactivity and airway inflamma-
tion.29 All of the discussed factors may explain why 
a higher prevalence of childhood asthma exists in 
Taipei, despite Taipei and Taichung sharing the same 
climate and weather conditions.
In our study, the prevalence of allergic rhinitis 
among schoolchildren in Taichung rose from 5.1% 
in 1987 to 12.46% in 1994, and sharply rose to a 
high of 27.59% in 2002, exhibiting a 5.40-fold in-
crease over a period of 14 years. The prevalence 
of hay fever in British children from Aberdeen rose 
from 3.2% in 1964 to 11.9% in 1989.16 In addition, 
there had been a reported 50% increase in preva-
lence of allergic rhinitis among children 12 years 
of age in South Wales from 1973 to 1985.30
Atopic dermatitis appears to have increased in 
prevalence over the past three decades in Western 
countries, from affecting 2−3% of children before 
1960 to 9−12% of those born after 1970. Atopic ec-
zema in children is characterized by a history of 
itchy skin condition in addition to three or more of 
the following criteria: (1) history of a rash in the 
skin creases (fold of elbows, behind the knees, front 
of ankles, around the neck); (2) history of asthma 
or hay fever; (3) history of generally dry skin in the 
past year; (4) onset under the age of 2 years; and 
(5) visible flexural dermatitis as defined by a pho-
tographic protocol.31 The prevalence of atopic ec-
zema in the UK has increased from 5.3% in 1964 to 
12% in 1989.16 Current estimates from the UK and 
Northern Europe suggest that the prevalence of at-
opic dermatitis of childhood is 15−23%.16,32 The 
prevalence of atopic dermatitis in our survey of 
Taiwan was much lower than that reported for other 
Asian countries: Singapore (20.8% among 7-, 12-, 
and 16-year-old, 2002),33 Hong Kong (20.1% among 
14-year-old),34 and Japan (19% among 7−9 year-
olds).35 However, the prevalence of atopic derma-
titis among schoolchildren in Taichung in 2002 was 
only 3.35%, and there was also an increase of 3.05-
fold over the previous 14 years. This increased prev-
alence of atopic eczema may be due to a decline 
in breast-feeding, the early introduction of weaning 
foods and the widespread use of food additives.
Up to now, there have been some studies evalu-
ating the prevalence of asthma, allergic rhinitis and 
atopic eczema in schoolchildren in the domestic 
and foreign papers. Chen et al observed that the 
prevalence of infectious diseases was significantly 
higher in children with allergic diseases.36 Liao et al 
reported that the prevalence of asthma diagnosed 
by a doctor according to the ISAAC, phase III stan-
dard written questionnaire administered to 7873 first 
grade schoolchildren, 6 to 8 years of age from 47 
different elementary schools in Changhwa County, 
was 7.0%; the prevalence of rhinitis was 24.6% and 
the prevalence of eczema was 18.0%.37 Chiang 
et al also reported that the overall cumulative and 
12-month prevalence of wheezing, rhinitis, and ec-
zema were 7.4%, 43.0%, and 7.2%, respectively, using 
the ISAAC questionnaire administered to 11,874 stu-
dents from 14 schools in central Taiwan (4167 chil-
dren aged between 10 and 12 years old and 7677 
older children aged between 13 and 15 years).38 It 
was shown that boys had a significantly higher prev-
alence of wheezing and rhinitis (p < 0.001 and p = 
0.001) when compared to girls, and the study also 
found that the prevalence rates among younger 
children with symptoms of wheezing, rhinitis, and 
recurrent itchy rash in the past 12 months (8.2%, 
44.4%, and 8.8%) were higher than that among older 
children (6.9%, 42.2%, and 6.3%, respectively).
In 2005, Yan et al reported that there was in-
creasing prevalence of symptoms of asthma, allergic 
rhinitis, and atopic eczema in the past 12 months 
in 13- to 14-year-old children in Taipei in a 7-year 
period (increased by 37%, 51%, and 193%, respec-
tively, compared to the ISAAC phase I study per-
formed in 1994−1995).8 The study was performed 
between 1st December, 2001 and 31st January, 2002. 
Furthermore, Lau and Karlberg reported that the 
prevalence of allergic disorders in Hong Kong was 
comparable to that in Singapore and Great Britain.39 
Several potential risk factors, such as parental wheez-
ing, frequent upper respiratory tract infection, born 
in Hong Kong, male sex and month of birth in girls, 
were identified.
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The prevalence of asthma, allergic rhinitis and 
atopic eczema in schoolchildren has been gradu-
ally increasing in Taiwan. Air pollution caused by 
Taiwan’s rapid industrialization has increased mas-
sively throughout the island. In addition, there is a 
significant correlation between passive smoking, 
long-term outdoor air pollution (including nitrogen 
dioxide, ozone, carbon monoxide, airborne dust) 
and adolescent asthma.40 Taichung has become much 
more affluent in the last 15 years, and the result-
ing increased traffic fumes are amongst the major 
atmospheric pollutants. It has been suggested that 
atopic dermatitis is more prevalent in higher social 
classes,41 and that the rapid urbanization of Taichung, 
including a more westernized lifestyle and a higher 
standard of living and education, may explain the 
rapid increase of atopic dermatitis in Taichung 
children.
5. Conclusion
There has been a significant increase in the preva-
lence of bronchial asthma, allergic rhinitis and at-
opic dermatitis in Taichung schoolchildren from 
1987 to 2002. This study suggests that further re-
search into the causes of such a significant increase 
is required.
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